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For many years physiological differences have been observed among latitudinally
separated populations of the same species (Bullock, 1955 ; Prosser, 1955; Vernberg,
1962). These differences have been attributed to a variety of phenotypic adapta-
tions and also to genetic variation.

One of the earliest examples of physiological variation was the difference in
acutely measured bell pulsation rates of the jellyfish Aurelia aurita collected from
Nova Scotia and Florida (Mayer, 1914), the direction of which agreed with
Krogh's (1916) prediction of increased rates in cold-adapted animals compared to
warm-adapted animals, when the rates are measured at a common temperature.
More recent studies of oxygen uptake as well as motor activity in cnidarians con-
firmed the existence of distinct responses in latitudinally separated populations
within a species (Sassaman and Mangum, 1970; Mangum, Oakes, and Shick,
1972; Shick, 1976).

In many examples of intraspecific variation, latitudinal differences disappear
with acclimation to common conditions, indicating their phenotypic origin. In
several studies of latitudinally separated populations however, the differences persist
despite prolonged exposure to common conditions, which has been interpreted
alternatively as genetic divergence and “‘irreversible nongenetic adaption” (Kinne,
1962). There are numerous examples of variation which is highly likely to have
a genetic basis, e.g. interspecific variation (Vernberg, 1962). The possibility of
nongenetic but irreversible adaptation within species is less certain.

Evidence of this phenomenon in Drosophila subobscura was presented by
Smith (1956), who induced variation in heat tolerance among groups of flies raised
at different temperatures. The differences, which did not disappear completely upon
acclimation to a common temperature, were adaptive in character; flies developing
at the higher temperature survived longer at an upper lethal limit. However, selec-
tion, operating during development, could conceivably explain these results. Kinne
(1962) reported that fish developed from eggs which had been transferred to a
different salinity 3 to 6 hir after spawning exhibit lower food conversion efficiencies
relative to controls developed from eggs which remained in the spawning salinity.
He does not, however, compare food conversion efficiencies of fish acclimated to a
common salinity which had developed at different salinities. It is not clear,
therefore, whether the observed differences in food conversion efficiencies are
reversible upon acclimation to common conditions. Bradley (1978) showed that
copepods raised at 20° C are more tolerant of high temperatures than those raised
at 10° C. However, these results could have arisen from selection during rearing or
to a thermal acclimation that requires more than two days’ exposure to a common
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temperature to disappear. Schneider (1968) concluded that differences in accli-
mated oxygen uptake rates among populations of the crab Rhithropanopeus harrisi
cann be reversed only in part by breeding the crabs at a common temperature,
but the full report of these data has not appeared.

The mode of reproduction in the actinian Haliplunella luciae (Verrill) offers
an interesting approach to the question of nongenetic adaptation which is irreversible
within a period of prolonged acclimation to common conditions. This species re-
produces largely by asexual mechanisms, longitudinal fission being the most
common (Shick and Lamb, 1977). The fission process in Haliplanella luciac and
the effects of temperature and other environmental factors on it have been studied
in detail by several authors (Torey and Mery, 1904; Davis, 1919; Uchida, 1932;
Miyawaki, 1952; Minasian, 1976). Longitudinal fission can be induced in the
laboratory by storing the animal at 10° C or below for 6 to 8 weeks, followed
by raising the temperature above 10° C (Sassaman, personal communication). This
treatment apparently simulates increasing water temperatures during spring. After
fission the progeny regenerate tissues to close the body wall torn in the process.
Thus isogenic clones of animals can be raised under different environmental condi-
tions and later compared, virtually eliminating the possibility of genetic variability
among the experimental animals.

In the present study, three generations of isogenic anemones were reared at
two temperatures, and their rates of oxygen uptake compared after acclimation
to common thermal conditions. A few observations were also made on the electro-
phoretic banding patterns of five enzymes and on the dimensions of the gas
exchange surface.

MATERIALS AND METHODS

Collection, maintenance of animals and cxperiniental design

Specimens of Haliplanella luciac (Verrill) were collected from the York River
estuary (13 to 21%c) at the mouth of Indian Field Creek, Virginia in January 1977
(10° C). Included in this sample were animals of Uchida’s (1932) color types
1 and 3, indicating genetic heterogeneity in the population. Assuming all animals
to be genetically unique, single individuals were placed in 30-mi plastic beakers
filled with York River estuary water. One hali of the animals were placed at
28° C and the remainder stored at 18° C. After approximately 2 weeks the
animals used at both temperatures had undergone fission, each original individual
producing two or more progeny (clonemates). \When regeneration was complete,
the animals were transferred to 3° C for 6 to 8 weeks. At the end of this period,
the clonemates were separated and allowed to undergo fission and subsequent forma-
tion of new tissue at different developmental temperatures: one member of each
clone was randomly chosen and placed at 18° C and its clonemate was placed
at 28° C. After fission and regeneration, the second generation clonemates were
separated, stored at 5° C for 6 to 8 weeks and then returned to their developmental
temperature, where a third generation was produced. Thus there are four groups
of animals according to developmental temperature and the number of generations
produced at a given temperature: two consist of animals taken from the field that
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Ficure 1. Cloning of /1. luciae at 18° and 28° C. The example shows two animals (A
and B) assumed to be genetically unique. Solid arrows indicate transfer from one temperature
to another ; dotted arrows indicate fission and regeneration. Roman numerals indicate generation.

divided and formed new tissue three times at either 18° or 28° C; one consists of
animals that divided first at 18° C and a second and third time at 28° C, and one
of the animals that divided a second and third time at 18° C. Because of the
difference in the nuinber of fissions at each developmental temperature (Fig. 1),
a control was necessary to permit pooling the data for all clones at a particular
developmental temperature. The oxyvgen uptake rates for animals which divided
twice at a developmental temperature were compared with those for animals which
had divided three times at that developmental temperature. The important aspect
of the experimental design is, however, that each individual has at least one
clonemate treated in the same way but given the alternative thermal regime
(Fig. 1), and that each of the four experimental groups contains members of the
same clones, in the same proportions. Thus the rearing procedures cannot have
permitted selection.

Development and growth occurred at the specified temperature in York River
estuary water (15 to 21%., with members of all groups given the same salinity
regime). At least 4 days prior to the measurement of oxygen uptake, the salinity
was brought to 18%.. Animals were fed an excess of freshly hatched Artemia
nauplii every other dav.

Oxygen uptake necasurenicits

Oxygen uptake (Vq,) of the third generation clonemates was measured at
the developmental temperature (TD), the same as the acclimation temperature
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(TA). These data are designated TD = 18° C = TA and TD = 28° C = TA.
Other, but isogenic, individuals were transferred to the alternative temperature,
held there for 2 to 4 weeks and oxvgen uptake measured. These data are
designated TD = 18° C, TA =28° C, and TD=28° C, TA=18° C. All
measurements were made in millipore filtered water at 18%, salinity by adjusting
the concentration of natural York River estuary water (15 to 21%¢) with dis-
tilled water or commercial sea salt (Dayno Corp). Animals were starved for 60 to
S84 hr before an experiment, and transferred to the respirometry chambers the
night before the measurement to permit attachment to the wall of the chamber.
Oxygen depletion was measured with a Yellow Springs Instrument Co. Model 53
Biological Oxygen Monitor, using a high sensitivity (0.0005 in) teflon membrane
and a 1 X 10 mm stirring bar. The animals were permitted to adjust to
stirring for 1 hr before sealing the chamber and the data were discarded when the
tentacles were retracted before completion of the measurement. All data in the
Po, interval 110 to 159 mm Hg were analyzed. TFor each experiment a measure-
ment of the oxygen uptake of the electrode was made using an empty chamber,
and this value was subtracted from the experimental rate.

At the end of an experiment animals were stimulated to expel fluid from the
gastrovascular cavity, removed from the chambers, lightly blotted and weighed
to the nearest tenth of a milligram (Cahn Electrobalance, Model ().
Electrophorests

Animals were starved for one week and then frozen whole, either singly or in
groups from the same clone and treatment group, in two volumes of buffer: 0.05
tris (titrated to pH 8 with concentrated HCI) and 0.001 s EDTA to which
NADP (4 mg, liter) was added. Freezing took place quickly in a bath of dry
ice and acetone, and the samples were then stored at —70° C until homogenized.
Samples were thawed, homogenized and centrifuged.  \When necessary the super-
natants were diluted as much as 5090 with distilled water to obtain 25 pl which
were loaded into slots of horizontal starch gels (137 w/v: Sigma starch).

Gel and electrode buffers for glucose-6-phosphate dehvdrogenase (G-6-PDH,
[£.C. 1.1.1.49) and isocitrate dehvdrogenase (IDH, E.C. 1.1.1.42) were modified
from Markert and Faulhaber (1965): 0.9 At tris, 0.5 a boric acid, 0.02 at EDTA
diluted 1:20 for the gel buffer and 1:6 for the electrodes; in addition, 30 mg
and 10 mg NADP were added to the gel and to the cathodal buffer tray, respectively.
The gel and electrode buffers for malate dehydrogenase (MDH, E.C. 1.1.1.37) were
those described by Nichols and Ruddle (1973). The discontinnous LiOH buffer
syvstem of Selander. Hunt, and Yang (1969) was used for phosphoglucose 1somerase
(PGI, E.C. 53.3.1.9) and hexokinase (HK, E.C. 2.7.1.1.). The period of electro-
phoresis was 3 to 4+ hr.  After electrophoresis at 350 volts, gels were sliced and
stained with slight modifications of the procedures described by Brewer (1970)
and Shaw and Prasad (1970). The gels were preserved overnight in 50%
ethvl alcohol, blotted and stored in plastic wrap until photographed.

Gas exchange surface area

Animals from the TD =187 C=TA and the TD =28 C =TA treatment
groups were anesthetized with MgCl.. Tentacles were counted and the external
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surface areas of the body wall and the tentacles were approximated from measure-
ments made at 10 to 25X, using formulas for the frustum of a cone and for a
cylinder, respectively.

Statistical analyses

Mean Vg, values were computed by determining the rate during each time
interval of the continuous record of the change in oxygen concentration. Thus,
unless specifically stated otherwise, the N value given in the results represents
the sum of all data obtained from the members of an experimental group, which are
treated as a homogenous population.

The comparison was complicated, however, by the different body sizes of the
experimental groups (see below). Two alternative procedures were used to
eliminate differences due to body size from the conclusions. First, a regression
coefficient of —0.43 was used to correct rates to a common weight of 1.6 mg, a
representative value, by covariance analysis. This coefficient was determined by
performing a regression analysis on data from the TD = 18° C = TA treatment
group (n = 14 animals, » = 0.75, P < 0.001). This relationship is homogenous,
showing no evidence of the discontinuity observed by Shick, Brown, Dolliver, and
Kayar (1973). Second, the data were grouped by weight classes established from
an analysis of frequency distributions, and the comparison made within the classes.

Although the experimental design permits analysis of the data as paired observa-
tions, the available procedures for computing Student’s ¢ require an equal number
of observations in each member of the pair, a condition which was not met. The
element of genetic homogeneity was maintained in the experimental design by keep-
ing virtually constant the percent of the total number of observations made on each
clone under each combination of developniental and experimental temperatures.

REsuLTs

Effect of developmental temperature on body size

At 28° C fission occurred more rapidly and more frequently than at 18° C,
resulting in more numerous but smaller progeny (see below). As suggested
carlier by a number of investigators (Ray, 1960; Mangum, 1963; Shick, 1972)
this finding suggests that the often observed phenomenon of a larger body size in
the colder regions of a species range results from latitudinal differences in develop-
mental temperature.

The frequency distribution of weight in each experimental group (Fig. 2)
indicates, in general, that body size of the animals is more widely distributed in
the 18° C developmental group than in the 28° C developmental group. Almost
73% of the animals in the TD = 28° C = TA treatment group weigh 1.1 mg or
less, and 91% of the animals in the TD = 28° C, TA = 18° C experimental group
weigh 2.0 mg or less. In contrast, only 29% of the animals in the TD = 18° C =
TA group and 17% of those in the TD = 18° C, TA = 28° C treatment group
weigh 1.1 mg or less. In these groups, reared at low temperature, greater fre-
quencies of animals in the higher weight classes are also evident (Fig. 2). A
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Ficure 2. Frequency distribution of body weight in treatment groups, designated by
developmental (TD) and acclimation (TA) tempera.ure.

comparison of the frequency distributions by weight class of the two developmental
temperature groups emphasizes the trends (Fig. 3). The mean body weight of
the TD =28° C=TA and TD =28° C, TA =18° C animals is 1.4 mg; the
mean weight of the two TD = 18° C groups is 2.0 mg. The median weight class
of the two TD = 23° C groups is 0.6 to 0.8 mg, and the corresponding figure for
the TD = 18° C groups is 2.1 to 2.3 mg.

Oxygen uptake

Three clones of animals which first divided at 18° C and one clone of animals
which first divided at 28° C were used to measure O, uptake; all clones produced
third generation animals at both developmental temperatures. No significant dif-
ferences were found between the control groups (P > 0.85) indicating that Vi,
in clones that have produced two generations at a particular developmental tem-
perature is the same as in clones that have produced three generations at that
developmental temperature.
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Ficure 3. Frequency distribution of body weight in (A) all animals used in the oxygen
uptake experiment, (B) TD = 28° C developmental groups only, and (C) TD = 18° C develop-
mental groups only.

The nean weight corrected oxygen uptake rates of the two TD = 18° C groups
are significantly higher (£ < 0.01) than those of the two TD = 28° C groups at
both acclimation temperatures (Table 1). At the test temperature of 18° C the
rates in the TD = 18° C groups are 189 higher than those of the TD =28° C
groups, and at 28° C the rates are 19% higher. However, using the raw data
for the smaller animals produced at 28° C and the larger ones produced at 18° C,
the difference diminished to 4% at the test temperature of 18° C and it is
actually reversed at 28° C (—8% ). Thus a confounding influence of developmental
temperature, its effect on body size, may obscure the direct effect on the acclimated
rate of oxygen uptake.

The frequency distribution by weight of all animals used in the oxygen uptake
experiments is shown in Figure 3. \When the rates are compared by weight class,
significant differences between the TD = 18° C and the TD = 28° C groups are
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TABLE 1

. Oxygen uptake (ul/g-hr) in isogenic specimens of Haliplanclla luciae reared for two to three gener-
ations at different temperatures. Mean + s.e. (N). Probability values from one-way analyses of vari-
ance comparing developmental tem perature groups at each test (= acclimation) temperature.

Developmental temperature (°C)

Test temperature (°C) B"kﬁ'g‘)"" =--'" — r
18 28

18 1.9 + 0.2 243.7 4 12.0 | 235.0 & 16.2 | n.s
(111) (12)

28 1.3 + 0.1 4871 4 241 5247 4 21.6 .
(36) (54)

B. Oxygen uptake (ul/g-hr) corrected to a common body weight (1.6 mg) by covariance. Data analysis
as above.

Developmental temperature (°C) [

Test temperature (°C) — — = | P
18 O I 28 [ Qo |
18 257.0 £ 9.4 | | 218.7 +13.9 P < 0.001
(111) ()
1.99 1.96
28 510.3 % 22.6 427.8 £ 145 | 0.0018
(36) (54) |

found in one of the four possible comparisons at 18° C and in two of three at 28° C
{(Table I1). The trend of higher rates in the TD = 18° C groups is uniformly
consistent, but the probability levels rise due to the smaller number of observa-
tions (N).

TaBLe [T

Weight corrected oxygen uptake rates (ul/g-hr), Mean + s.e. (N). Probability (P) values from one-
way analyses of variance comparing the developmental temperature group rates at each experimental
(= acclimation) temperature for each weight class.

e Weight class 1 Developmental temperature (°C)
tempgrature I — r
o, No. ‘ Range (mg) \‘ 18 28
18 1 (0.6-0.8) 270.5 + 46.2 (10) 194.5 & 33.2 (19) n.s.
2 (0.9-1.1) 269.8 + 38.0 (11) 146.6 &= 41.4 (7) 0.0499
3 (1.2-1.7) 218.6 & 22.7 (23) 159.1 4 21.8 (16) n.s.
4 (1.8-2.0) = 288.5 & 18.7 (24) —
5 (2.1-3.7) 2547 £ 11.2 (67) 258.8 + 4.1 (0) n.s.
28 1 (0.6-0.8) == 444.0 & 22.8 (20) —
2 (0.9-1.1) 413.3 £ 381 (6) 417.4 &+ 27.3 (20) n.s.
3 (1.2-1.7) 568.9 4 13.8 (5) | 408.3 £37.7 (9) 0.003*
4 (1.8-2.0) 608.9 & 34.3 (13) 439.9 £ 24.1 (5) 0.01
5 (2.1-3.7) | 4274 £ 31.6 (12) — ‘ —

* Bartlett’s Test indicates non-homogenous variances for the two developmental groups of this
weight class. A Separate Variance Estimate {-test was used to make this comparison.
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TABLE 111

Gas exchange surface area (cm*/g wet wl.) in each developmental temperature group of Haliplanella
luciae. N = Number of antmals. Weight classes as in Table 11.

| ]

| Tentacle surface area

Developmental

. all | Weight class | N ‘ No. tentacles -
temperature (°C) | ¢ ¢ ! O critacic o 1 % Total body
‘ | H cmsig | surface area
18 ! I 2 13 ! 5.6 ; 33.9
2 2 16 5.0 57.5
3 3 20 7.6 42.7
28 1 2 18 19.2 73.5
2 4 | 30 14.7 72.9
3 3 29 18.6 78.7

Q1o values for both developmental temperature groups (Table 11) are similar,
and they also approximate the values reported previously over the same tempera-
ture range (Sassaman and Mangum, 1970). Thus, no evidence of a change in
temperature sensitivity with developmental temperature is seen. No overall pat-
tern of temperature sensitivity is apparent in the data grouped by weight class,
thus supporting previous conclusions that it is not correlated with body size
(Sassaman and Mangum, 1970). Nor is there a trend in Qo with developmental
temperature.

Gas exchange surface

A possible explanation of the irreversible difference between cold and warm-
reared anemones is a change in gas exchange surface area. This hypothesis would
be supported by an increase in tentacular surface, the primary site of oxygen uptake
in epifaunal anemones (Sassaman and Mangum, 1972; Shick et al., 1978) in the
TD = 18° C groups. In fact, measurements of gas exchange surface (Table 111)
indicate the opposite relationship, suggesting that the difference would be even
larger if the gas exchange surface had remained the same.

Surface area is not correlated with body size. Pooling data for all weight
classes at each developmental temperature, anemones in the TD = 28° C groups
have more teutacles and a significantly larger (Mann-Whitney U-Test) total
surface area available for gas exchange than anemones in the TD = 18° C groups.
Not only are the tentacle numbers greater in the TD = 28° C groups, but the
average surface area per tentacle is greater as well. Moreover, the percent of the
total body surface area contributed by the tentacles always exceeds 73 in the
TD = 28° C groups, compared to a maximum of 57.5% in the TD = 18° C animals
(weight class 2).

Electrophoresis

The enzymes examined showed no qualitative differences in baunding pattern
either among the separate clones of one treatment group or among clonemates of
different treatment groups. The results for all of the enzymes tested are similar
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and they suggest that the population of 1. lLiciae at Indian Field Creek exhibits
no variation at these loci.  Of the five enzyme systems examined, only IDIH was
clearly polymorphic, the bauding pattern suggesting fixed homozygosity at two loci.
However, no qualitative differences in banding pattern were detected, cither hetween
clones or within clones. Since these loci differ in latitudinally separated populations
and within populations of H. luciac (Shick and Lamb, 1977), the uniform pattern
could reflect conservative selection pressures on these loci for this particular
population. Regardless, there is no evidence that the different alleles were either
induced or repressed by the formation of tissues at different temperatures.

Discussiox

Differences in aerobic metabolism that cannot be reversed by 2 to + weeks
acclimation to common conditions clearly result from reproduction, regeneration
and the formation of new tissues at different temperatures, when the effects
of other variables are eliminated from the data. The direction of the change is
generally compensatory, resulting in higher metabolic rates in the animals pro-
duced at low temperatures. The magnitude of the change, however, is not great
enough to override opposing effects of developmental temperature on body size and
gas exchange surface area. Oxygen uptake rates go up at low developmental
temperature but down with increasing body size and decreasing tentacular surface,
and body size increases and tentacular surface area decreases at low developmental
temperature. The net outcome of the concomitant and counteracting trends is
little or no difference between the two groups, when body size and gas exchange
surface are retained as variables.

The question remains of the origin of the metabolic difference in animals of
the same size. One alternative is a direct but irreversible effect of developmental
temperature on the metabolic machinery within the cell. The five enzyme systems
examined were selected in part for their variability in the species (and in other
anemones; Manwell and Baker, 1970), and in part for their relation to aerobic
metabolism. Hexokinase, phosphoglucose isomerase and isocitrate dehydrogenase
vary in different populations of 1. luciae (Shick and Lamb, 1977) : isocitrate
dehydrogenase and malate dehydrogenase catalyze reactions in the tricarboxylic
acid cycle and glucose-6-phosphate dehyvdrogenase regulates a branchpoint of the
pentose phosphate pathway. No qualitative changes with developmental tem-
perature or acclimation temperature were found for any of the five enzymes tested.
Quantitative data, on various enzyime systems, however, are not available. Robert
and Gray (1972) have shown an increase in the specific activity of glucose-6-phos-
phate dehydrogenase and G-phosphogluconate dehydrogenase of the blue crab
Callinectes sapidus during cold exposure, accompanied by no qualitative electro-
phoretic changes. A thorough test of this possibility, which we regard as a
promising hypothesis, would entail an exhaustive investigation of polymorphic
enzyme systems that influence the rate of oxidative reactions, directly or indirectly.

The only obvious alternative explanation would be an irreversible effect of
developmental temperature on the gas exchange system. Since fluid movements on
both sides of the tentacles are generated by cilia, an irreversible difference in oxygen
convection would seent to be highly unlikely. An irreversible change in gas
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exchange surface was detected, but 1ts effect on oxygen uptake should be the
opposite of that observed. Thus a systemic explanation seems highly unlikely.

Regardless of its basis, the present findings clearly demonstrate the reality
of irreversible physiological adaptation, and they raise the possibility that the
compensatory responses found earlier in geographically separate populations of
the species may result from developmental as well as acclimation temperature.

We are grateful to R. J. Hoffmann for the use of his facilities and expertise
in performing the electrophoreses, and to D. Reed for his help with data analysis.

SUMMARY

1. Isogenic clones of H. luciue were raised at each of two developmental tem-
peratures, 18° and 28° C. Despite prolonged acclimation to common thermal con-
ditions, oxygen uptake rates differ according to the temperature of reproduction,
regeneration and development.

2. The effects of developmental temperature, however, are masked by body
size differences.  Only when this variable is eliminated can the underlying effect of
developmental temperature be detected.

3. The irreversible change is not due to an increase in the gas exchange surface
area at the primary site of O uptake, the tentacles.

4. No qualitative changes in banding patterns for five enzymes (HK, PGI, IDH,
MDH, G-6-PDH) were found.

LITERATURE CITED

BravrLey, B. P, 1978, Increase in range of temperature tolerance by acclimation m the cope-
pod Eurytewora affinis.  Biol. Bull., 154: 177-187.

Brewer, G. J., 1970. .n introduction to isosyme techniques. Academic Press, New York,
186 pp.

Burrock, T. H. 1955, Compensation for temperature in the metabolisin and activity of
poikilotherms. Biol. Rev. Camb. Philos. Soc., 30 : 31-342.

Davis, D. W., 1919, Asexual multiplication and regeneration in Sugartia luciae Verrill.
J. Exp. Zool., 28: 161-263.

Kinng, O., 1962. Irreversible nongenetic adaptation. Comp. Biochem. Physiol., §: 265-282.

Krocu, A., 1916. The respiratory cxchange of animals and men, Longmans Green, London,
173 pp.

Mancun, C. P., 1963, Studies on speciation in maldanid polychaetes of the North American
Atlantic Coast ITI. Intraspecific and interspecific divergence in oxygen consumption.
Comp. Biochem. Physiol., 10 : 335-349.

Maxcuar, C. P, M. J. Oaxes, anp J. M. Suick, 1972, Rate temperature responses in scypho-
zoan medusae and polyps. Mar. Biol., 15: 298-303.

Maxwerr, C., anp C. M. A, Bakeg, 1970. Molecular biology and the origin of species: hetero-
sis, protein polyniorphism, and wnimal breeding.  University of Washington Press,
Seattle, Washington. 394 pp.

Markert, C. L., axp I. FavLnaseg, 1965, Lactate dehydrogenase patterns of fish. J. Exp.
Zool., 159: 319-332.

Maver, A. G, 1914, The effects of temperature upon tropical marine animals. Papers of the
Tortugas Lab., 6: 1-24. Publications of the Carnegie Institu‘ion, 183.

Mivasian, L. L., 1976. Characteristics of asexual reproduction in the sea anemone, Haliplanella
luciae (Verrill), reared in the laboratory. Pages 289-298 m G. O. Mackie, Ed,
Coclenterate Ecology and Behawvior. Plenum Press, New York.



IRREVERSIBLE TEMPERATURE ADAPTATION 347

Mivawakt, M, 1952, Temperature as a factor influencing upon the fission of the orange-
striped sea anemone, Diadumcne luciae. J. Fac. Sei. Hokkaido Unizv., Ser. 1l Zool.,
11: 77-80.

Nicuors, E. A, axp F. H. Rupore, 1973, A review of enzyme polymorphism, linkage and
electrophoretic conditions for mouse and somatic cell hybrids in starch gels. J. Histo-
chem. Cytochem., 21: 1066-1081.

Prossegr, C. L., 1955. Physiological variation in animals. Biol. Rev. Camb. Philos. Soc., 30:
229-262.

Ray, C., 1960. The application of Bergmanu's and Allen’s rules to the poikilotherms, J.
Morphol., 106: 85-108.

Ropert, M., axp I. Gray, 1972. Enzymatic mechanisms during temperature acclimation of
the blue crab, Callinectes sapidus—I1. Oxygen consumption and activity of glucose-6-
phosphate dehydrogenase and 6-phosphogluconate dehydrogenase.  Comp. Biochen.
Physiol., 42B: 377-387.

SassaMmax, C., axp C. P. Maxcun, 1970. Patterns of temperature adaptation in North Amer-
ican Atlantic coastal actinians. Mar. Biol., 7: 123-130.

Sassamax, C, axp C. P. Mawxcuar, 19720 Adaptations to envirommental oxygen levels in
infaunal and epifaunal sea anemones. Biol. Bull., 143 : 637-678.

Scu~EER, D. E., 1968. Temperature adaptations in latitudinally separated popu'ations of
the crab Rhithropanopens havrisii.  Am. Zool., 8: 772.

SELaNpEr, R, K., W. G. Hunt, axp S. Y. Yang, 1969. Protein polymorphism and genic
heterozygosity in two European subspecies of the house mouse. Ewolution, 23 : 379-390.

Sitaw, C. R, axp R. Prasap, 1970. Starch gel electrophoresis of enzymes—a compilation of
recipes. Biochem. Genet., 4 : 297-320.

Snick, J. M., 1972, Temperature sensitivity of oxygen consumption of latitudinally separated
Urosalpiny cinerea (Prosobranchia: Muricidae) populations. Muar. Biol., 131 276-283.

Sirick, J. M., 1976. Ecological physiology and genetics of the colonizing actinian Haliplanella
ltciae. Pages 137-146 in G. O. Mackie, Ed., Coelenterate Ecology and Behavior.,
Plenum Press, New York.

Suick, J. M., axp A. N. Laxg, 1977, Asexual reproduction and genetic population structure
in the colonizing sea anemone Haliplanella Iuciae. Biol. Bull., 153: 604-617.

Suick, J. M., W. I. Browy, E. G. DorLiver, axn S. R. Kavag, 1978, Oxygen uptake in
sea anemones: Effects of expansion, contraction and exposure to air, and the
limitations of diffusion. Physiol. Zool., 52 : 50-62.

Sarrrw, J. M., 1956, Acclimatization to high temperatures in inbred and outbred Drosophila
subobscura. J. Genet., 54 : 497-505.

Torey, H. B., axp J. R. Mgry, 1904. Regeneration and non-sexual reproduction in Sagartia
davisi. Zoology 1(6) : 211-226. University of California Publications.

Ucuipa, T., 1932, Occurrence in Japan of Diadumene luciae, a remarkable actinian of rapid
dispersal. J. Fac. Sci. Hokkaido Unie., Ser. VI Zool., 2: 69-85.

VERNEERG, F. J., 1962. Comparative physiology : Latitudinal effects on physiological properties
of animal populations. . Aun. Rew. Physiol., 24: 317-346.



